Introduction
============

Hemodynamic monitoring and rapid assessment of intravascular fluid status for the early, rapid, and effective resuscitation of hypovolemia in critically ill and poly trauma patients is an uphill and a challenging task for the intensivists and emergency physicians. Early goal-directed therapy for reaching an optimal fluid status has been shown to reduce morbidity and mortality in patients with severe sepsis and septic shock.[@b1-oaem-11-065]--[@b5-oaem-11-065] Similarly, early recognition and rapid management of hemorrhage in trauma is essential because of the fact that hemorrhage accounts for 30%--40% of death in trauma patients.[@b6-oaem-11-065],[@b7-oaem-11-065]

The role of clinical examination in assessing the intravascular volume status of critically ill patients has been found to be unreliable and lacking in accuracy and precision.[@b8-oaem-11-065]--[@b14-oaem-11-065] Studies have shown that vital signs are poor indicators of acute blood loss, shock, and response to treatment in trauma patients.[@b15-oaem-11-065],[@b16-oaem-11-065] During the early stages of shock, blood pressure or heart rate is not a reliable marker of low volume state.[@b17-oaem-11-065] Similarly, the absence of tachycardia or hypotension does not rule out significant blood loss in the early stages of hemorrhagic shock.[@b18-oaem-11-065] Relying entirely on clinical examination and vital signs are often misleading and may lead to loss of precious time in resuscitation.

Measuring central venous pressure (CVP) by inserting a central venous catheter is the gold standard, but it is invasive, time-consuming, and requires trained personnel. In addition, it is not practical in pre-hospital settings or in an urgent resuscitation scenario, and has its own risks and complications.[@b19-oaem-11-065]--[@b23-oaem-11-065] Various non-invasive methods of measurement of CVP using portable ultrasonography as an alternate approach to invasive CVP measurement have been proposed.

Inferior vena cava (IVC) parameters such as diameter, collapsibility, or caval index, as an indirect measure of CVP to assess the volume status of critically ill patients has been studied extensively, with varying and conflicting results.[@b17-oaem-11-065],[@b24-oaem-11-065]--[@b29-oaem-11-065] However, in 10%--15% of patients IVC measurement is not possible, due to obesity, abdominal surgical dressings, excessive intra-abdominal gas, large amounts of intra-thoracic air, extrinsic structures compressing IVC, increased intra-abdominal pressure, increased pulmonary artery pressure, tricuspid, or pulmonary valve disease.[@b24-oaem-11-065],[@b30-oaem-11-065]--[@b32-oaem-11-065]

Various parameters of the internal jugular vein (IJV) are being increasingly used as an alternative to IVC to indirectly measure the CVP. Examination of the height of jugular venous pulsation has been used as an indirect measure of central venous and right atrial pressure in routine clinical practice, but with a poor sensitivity. Physical examination was accurate only in 50% of patients in estimating the right atrial pressure.[@b33-oaem-11-065],[@b34-oaem-11-065]

Very few studies have been done on the IJV diameter, cross-sectional area, and their corresponding CI (collapsibility index) by ultrasonography as an indirect measure of CVP. Killu et al[@b35-oaem-11-065] evaluated the correlation between the IJV-CI (diameter) and hypovolemia by POC USG (point of care ultrasonography), they found that a IJV-CI of ≥39% had a sensitivity of 87.5% and specificity of 100% in identifying hypovolemia in ICU patients. Akilli et al[@b36-oaem-11-065] measured the IJV-diameter, area, and collapsibility index as an indicator of hemorrhagic shock in healthy blood donors, and found that measurement of IJV and jugular index are reliable indicators of class I hemorrhagic shock. However, they have not correlated their results with invasively measured CVP.

Others have studied various other parameters of IJV, that is the IJV/CCA (common carotid artery) ratio,[@b37-oaem-11-065],[@b38-oaem-11-065] AP-diameter,[@b39-oaem-11-065] cardiac variation in IJV area,[@b40-oaem-11-065] and ratio of IJV diameter at 30°/0° positions[@b41-oaem-11-065] for the assessment of fluid status by bed side ultrasonography, and showed conflicting results.

We hypothesize that the point of care ultrasound imaging of IJV measurements would correlate with that of IVC measurements and invasively monitored CVP, which in turn predicts the volume status of critically ill patients.

Material and methods
====================

Study design and settings
-------------------------

This prospective observational study was carried out in the intensive care units of Al Wakra and Al Khor hospitals of the Hamad Medical Corporation-Doha, Qatar. The patients were enrolled from November 2013 to January 2015.

Study participants
------------------

All patients older than 18 years of age admitted to ICU and who had a CVP catheter that had been already inserted for clinical indications were included. The patients who were on mechanical ventilation, who had a history of radiotherapy or surgery to the neck or chest, pulmonary hypertension, severe tricuspid regurgitation, previous or active upper extremity deep venous thrombosis, and pregnant women were excluded from the study.

Study protocol/measurements
---------------------------

### Invasive CVP measurement

CVP is measured using an indwelling central venous catheter (CVC) inserted into IJV or Subclavian vein, and a transducer. CVP is recorded at the mid-axillary line where the transducer is leveled with the phlebostatic axis, this is where the fourth intercostal space and mid-axillary line cross each other, allowing the measurement to be as close to the right atrium as possible.

### Investigators

The study measurements were done by three intensivists who were trained in critical care ultrasound and had an individual experience of more than 2 years in bedside ultrasound use. The clinical subjective variability was assessed before the start of the study, and the investigators were blinded for the invasively measured CVP.

### Machine

A sonosite M-Turbo ultrasound machine was used for all the examinations. A linear vascular transuder for IJV imaging (7--13 MHz, 38 mm) and a phased array probe for IVC imaging (1--5 MHz, 21 mm) was used.

### Measurements

#### IJV measurement

All the measurements were done on Right IJV with the patients initially lying supine at 0° and later head end elevated at 30°. With the patients in supine position, the USG transducer was placed on the right side of the neck in the transverse plane over RIJV 2 cm above the sternoclavicular joint. The IJV was identified by the color flow Doppler and compressibility. Care was taken not to compress or obliterate the vein by applying minimal pressure.[@b42-oaem-11-065] When the whole circumference of the vein was visible the measurements were done. The recordings were done for four respiratory cycles. The maximum, minimum AP diameters, and cross-sectional area were estimated and, from this, corresponding CI was derived (Maximum diameter or cross-sectional area (CSA)--minimum diameter or CSA/maximum diameter or CSA) ×100%. All the above measurements were repeated with the head end of patients elevated to 30° position.

#### IVC measurements

With the patients lying in supine position the probe was placed at the subxiphoid area and measurements were taken 2 cm below the hepatic veins. The maximum and minimum AP diameters were measured over four respiratory cycles, and CI was computed and derived.

### Ethical issues

The study protocol was approved by the local ethics committee of Hamad Medical Corporation. Written informed consent was obtained from all the patients or from a legal guardian whenever appropriate.

### Data collection

The collected data included demographic details, clinical data, and diagnosis at the time of admission. All the data and measurements were recorded in a data collection sheet and then entered into the electronic database for the statistical analysis.

Statistical analyses
--------------------

Categorical and continuous variables, IJV and IVC diameters, were presented as frequency (percentage) and mean ± SD. Descriptive statistics were used to summarize all demographic and other clinical characteristics of the patients. Bedside ultrasound measurements of the IJV, IVC diameters were compared to CVP. The Kolmogorov--Smirnov test or Q-Q Plot, as appropriate, was used to test for normality. The relationship between two quantitative variables was examined using Pearson's or Spearman's rank correlation coefficients. Associations between two or more qualitative variables were assessed using chi-square or Fisher's exact tests, as appropriate. Quantitative data mean values between the two independent groups (CVP ≤10 and CVP \>10) were analyzed using unpaired *t* and Mann--Whitney *U*-tests, as appropriate. Various measures of diagnostic accuracy, such as sensitivity, specificity, positive, and negative predictive values were calculated to determine the diagnostic and predictive accuracy of the IJV collapsibility index in predicting CVP. A receiver operating characteristic (ROC) curve was then computed to derive best suitable cutoff values for the IJV collapsibility index and to assess model discrimination and predictive accuracy. A two-sided *P*-value \<0.05 was considered to be statistically significant. All Statistical analyses will be done using statistical packages SPSS 22.0 (SPSS Inc., Chicago, IL, USA) and Epi-info (Centers for Disease Control and Prevention, Atlanta, GA, USA) software.

Results
=======

A total of 70 patients were enrolled, out of which 12 were excluded (severe pulmonary hypertension =5, severe tricuspid regurgitation =4, mechanical ventilation =1, history of neck surgery and radiotherapy =1, upper extremities DVT =1), leaving a final cohort of 58 for analysis. All the patients had a CVP recording and IJV parameter recording. In 12 patients IVC could not be visualized; however, these patients were not excluded from the analyses ([Figure 1](#f1-oaem-11-065){ref-type="fig"}). The mean age was 54.34±16.61 years (range =20--81 years), 81% were male, and septic shock was the most common admission diagnosis. Vasopressor (low--medium dose of nor adrenaline 0.05--0.45 µg/kg/min) was required in 29% of patients. The baseline characteristics and admission diagnosis are summarized in [Tables 1](#t1-oaem-11-065){ref-type="table"} and [2](#t2-oaem-11-065){ref-type="table"}.

The mean CVP was 9.88 mmHg (range =1--25). The correlations between CVP and IJV-CI at 0° were r=−0.484 (*P*=0.0001) for CSA and r=−0.416 (*P*=0.001) for diameter. However, the highest significant correlation was found between CVP and IJV-CI at 30° (r=−0.583, *P*=0.0001) for CSA and (r=−0.559, *P*=0.0001) for diameter. Similarly, IVC-CI also showed a significant correlation with CVP (r=−0.540, *P*=0.0001). When intergroup correlation was done, it showed a significant correlation between IVC-CI and both the IJV-CI at 30°, whereas IJV-CI at 0° was poorly correlated ([Table 3](#t3-oaem-11-065){ref-type="table"}). A linear regression model for the correlation between CVP and collapsibility index are depicted in [Figures 2](#f2-oaem-11-065){ref-type="fig"}[](#f3-oaem-11-065){ref-type="fig"}[](#f4-oaem-11-065){ref-type="fig"}[](#f5-oaem-11-065){ref-type="fig"}--[6](#f6-oaem-11-065){ref-type="fig"}.

A CVP of \>10 mmHg was chosen as a clinically significant cutoff value for high CVP level. The test characteristics of ultrasound findings in predicting volume status are given in [Tables 1](#t1-oaem-11-065){ref-type="table"} and [4](#t4-oaem-11-065){ref-type="table"}. The area under the ROC curve (AUC), along with sensitivity, specificity, and PPV, and NPV for IJV collapsibility indices to determine a low CVP (≤10 mmHg) are shown in [Table 4](#t4-oaem-11-065){ref-type="table"} and [Figure 7](#f7-oaem-11-065){ref-type="fig"}. The most suitable cutoff value determined for collapsibility index for IJV CSA at 0 degree was \>14.1 with AUC =0.792 with sensitivity, specificity, and PPV ranging 73%--82% in predicting CVP ≤10. A cutoff value \>19 was found to be an optimum for collapsibility index for IJV CSA at 30° with AUC =0.851, with sensitivity, specificity, and PPV ranging 73%--83% in accurately predicting CVP ≤10.

Discussion
==========

Our study demonstrated a significant correlation between CI of IJV diameter and CSA at 0°, as well as at 30° positions with invasively monitored CVP and the measurement at 30° showing more significant correlation than that at 0°.

Our results validate the results of a previous study by Killu et al[@b35-oaem-11-065] who investigated the IJV-diameter CI by POC USG as an indicator of hypovolemia in ICU patients. They concluded that IJV diameter CI of \>39% may be associated with hypovolemia. Their study differed from ours as they measured only IJV diameter CI, and the measurements were done at 30° positions only.

Few other studies done in the past attempted to demonstrate an association between CVP and various measurements of IJV by ultrasonography. Avcil et al[@b43-oaem-11-065] compared the ultrasound estimation of IJV diameter, area and height, IVC diameter, and index with direct estimation of CVP. The height and diameter of IJV correlated moderately with CVP, whereas IVC diameter and index correlated poorly with CVP. They concluded that the height of RIJV and IVC index has better diagnostic performance for estimating high CVP, whereas IJV area, maximum diameter, IVC maximum diameter showed high sensitivity, and NPV for estimating low CVP levels.[@b43-oaem-11-065] They did not compare the collapsibility index of IJV with CVP. Sean et al[@b39-oaem-11-065] showed that, if the IJV--AP diameter is between 5.7 and 8.3 mm, then the CVP is \<10 cm H~2~O and, if it is between 11.2 and 13.8 mm, then the CVP is \>10 cm H~2~O. However, their sample size was less than our study and they included very few patients with higher CVP.

We found that both IJV and IVC parameters by bedside USG can accurately predict the CVP; however, in a few patients the IVC could not be visualized. Very few studies have compared both IJV and IVC measurements together with CVP. Prekker et al[@b44-oaem-11-065] compared the three modes of point of care USG in predicting CVP, that is maximal IVC diameter, IVC inspiratory collapse, and IJ (Internal Jugular) aspect ratio. They found a good correlation between maximal IVC diameter and IJ aspect ratio however, the one difference between our study and theirs was that they recorded all the readings in supine positions which might have influenced the results.

Our study showed IJV sonography imaging was easy to obtain in all the patients, whereas IVC imaging was not possible in almost 20% of patients due to various reasons, of which abdominal gas shadow and obesity were the predominant cause. This finding validates the results of past trials which also showed similar limitations in obtaining the images of IVC.[@b24-oaem-11-065],[@b30-oaem-11-065]--[@b32-oaem-11-065]

Bedside ultrasonography otherwise called point of care ultrasonography has become part and parcel of critical care and emergency departments. Clinicians can rapidly evaluate a critically ill patient with the use of bedside USG without waiting for the advanced imaging.[@b45-oaem-11-065],[@b46-oaem-11-065] Studies have shown that, with a minimal training of 3 hours, even physicians with less expertise or experience in ultrasonography can accurately take measurements as accurate as physicians having formal trainings.[@b47-oaem-11-065]

Assessing the CVP by bedside POC ultrasonography of IJV in emergency and critical settings will have a wide range of practical and clinical implications. First, insertion of a CV catheter solely for the purpose of measuring CVP in the ICU can be avoided, thereby reducing its potential complications as well as conserving the hospital's resources. Second, in an emergency situation where insertion of a CV catheter will be time-consuming while resuscitating a critically ill or poly-trauma patient, measuring CVP by this method will be an aid to assess the volume status and guide fluid therapy. This is more valuable in centers where the facility for the insertion of a CV catheter is not readily available. Lastly, this method could be used by emergency paramedics in estimating blood loss in trauma patients in out-of-hospital resuscitation with minimal basic training.

Limitations
===========

The main limitations of our study include the relatively small cohort, and failure to include trauma/surgical patients and mechanically ventilated patients. Our patients included only non-surgical, non-traumatic critically ill patients. Hence, critiques might question whether the results can be applied in polytrauma patients for assessing the CVP. However, we believe that, because of the ease in measuring IJV by bedside ultrasound in such patients, it can be performed if no alternatives are available.

Conclusion
==========

We demonstrate that POC ultrasonographic measurement of venous parameters of both IJV and IVC provides a useful non-invasive tool for estimating CVP and assessment of intra-vascular volume status in critically ill patients. Nevertheless, due to the ease of performing, we recommend POC ultrasonographic measurements IJV as a first line non-invasive approach to measure the CVP in the intensive care units as well as in the Emergency departments. IVC measurements can be used in situations where IJV examination is difficult or not practical. We recommend a larger cohort study to substantiate and validate our data.
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![Flowchart showing subject enrolment\
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![Correlation between CVP and CI 1 (IJV CSA at 0°).\
**Abbreviations:** CI, collapsibility index; CSA, cross-sectional area; CVP, central venous pressure; IJV, internal jugular vein.](oaem-11-065Fig2){#f2-oaem-11-065}

![Correlation between CVP and CI 2 (IJV diameter at 0°).\
**Abbreviations:** CI, collapsibility index; CVP, central venous pressure; IJV, internal jugular vein.](oaem-11-065Fig3){#f3-oaem-11-065}

![Correlation between CVP and CI 3 (IJV CSA at 30°).\
**Abbreviations:** CI, collapsibility index; CSA, cross-sectional area; CVP, central venous pressure; IJV, internal jugular vein.](oaem-11-065Fig4){#f4-oaem-11-065}

![Correlation between CVP and CI 4 (IJV diameter at 30°).\
**Abbreviations:** CI, collapsibility index; CVP, central venous pressure; IJV, internal jugular vein.](oaem-11-065Fig5){#f5-oaem-11-065}

![Correlation between CVP and CI 5 (IVC diameter at 0°).\
**Abbreviations:** CI, collapsibility index; CVP, central venous pressure; IVC, inferior vena cava.](oaem-11-065Fig6){#f6-oaem-11-065}

![ROC curve.\
**Abbreviation:** ROC, receiver operating characteristic.](oaem-11-065Fig7){#f7-oaem-11-065}

###### 

Comparison of the basic parameters between two groups of CVP

  Parameters             CVP ≤10 (n=36) (mean ± SD)   CVP \>10 (n=22) (mean ± SD)   *P*-value
  ---------------------- ---------------------------- ----------------------------- -----------
  Age (years)            54.47±17.69                  54.14±15.09                   0.941
  Weight (kg)            69.31±16.65                  81.41±22.87                   0.024
  Height (cm)            169.75±6.90                  169.14±7.29                   0.749
  Gender (male), n (%)   31 (86%)                     16 (72%)                      0.207
  Heart rate             88.18±18.25                  84.20±17.55                   0.869
  MAP                    73.13±20.21                  68.15±18.17                   0.616
  CI 1 index             26.41±16.45                  15.11±14.61                   0.011
  CI 2 index             20.00±16.58                  9.92±7.47                     0.010
  CI 3 index             40.78±20.75                  15.97±13.75                   \<0.0001
  CI 4 index             26.97±16.45                  10.22±10.86                   \<0.0001
  CI 5 index             37.10±19.86                  22.59±15.91                   0.013

**Note:** CI 1= collapsibility index for IJV CSA at 0° body position; CI 2= collapsibility index for IJV diameter at 0°; CI 3= collapsibility index for IJV CSA at 30°; CI 4= collapsibility index for IJV diameter at 30°; CI 5, Collapsibility index for IVC at 0°.

**Abbreviations:** CSA, cross-sectional area; CVP, central venous pressure; IJV, internal jugular vein; IVC, inferior vena cava.

###### 

Showing diagnosis on admission

  Diagnosis                                        Number
  ------------------------------------------------ --------
  Septic shock                                     18
  Pneumonia                                        9
  Acute kidney injury                              7
  End stage renal disease                          4
  COPD exacerbation                                3
  Pancreatitis                                     3
  Myocardial Infarction                            3
  Burn                                             2
  Gastrointestinal hemorrhage                      2
  Asthma                                           1
  Diabetic keto acidosis                           1
  Combined medical illnesses and other diagnosis   15

###### 

Correlation coefficient (r) between CVP and CI

  ----------------------------------------------------------------------------------
  Parameters   CVP   CI 1         CI 2        CI 3         CI 4         CI 5
  ------------ ----- ------------ ----------- ------------ ------------ ------------
  CVP          1     −0.484\      −0.416\     −0.583\      −0.559\      −0.540\
                     *P*=0.0001   *P*=0.001   *P*=0.0001   *P*=0.0001   *P*=0.0001

  CI 5               0.353\       0.335\      0.489\       0.458\       1
                     *P*=0.017    *P*=0.024   *P*=0.001    *P*=0.002    
  ----------------------------------------------------------------------------------

**Note:** CI 1= collapsibility index for IJV CSA at 0° body position; CI 2= collapsibility index for IJV diameter at 0°; CI 3= collapsibility index for IJV CSA at 30°; CI 4= collapsibility index for IJV diameter at 30°; CI 5= collapsibility index for IVC at 0°.

**Abbreviations:** CSA, cross-sectional area; CVP, central venous pressure; IJV, internal jugular vein; IVC, inferior vena cava.

###### 

Test characteristics of ultrasound findings in predicting CVP ≤10 mmHg

  Parameters   Sensitivity   Specificity   PPV    NPV    Accuracy   AUC     Cutoff   *P*-value
  ------------ ------------- ------------- ------ ------ ---------- ------- -------- -----------
  CI 1         77.8          72.7          82.4   66.7   75.9       0.792   \>14.1   0.001
  CI 2         69.4          68.2          78.1   57.7   69.0       0.686   \>10.2   0.018
  CI 3         83.3          72.7          83.3   72.7   79.3       0.851   \>19.0   \<0.001
  CI 4         80.6          68.2          80.6   68.2   75.9       0.803   \>10.2   \<0.001
  CI 5         70.4          61.1          73.1   57.9   66.7       0.711   \>26.5   0.017

**Note:** CI 1= collapsibility index for IJV CSA at 0° body position; CI 2= collapsibility index for IJV diameter at 0°; CI 3= collapsibility index for IJV CSA at 30°; CI 4= collapsibility index for IJV diameter at 30°; CI 5= collapsibility index for IVC at 0°.

**Abbreviations:** AUC, area under ROC curve; CSA, cross-sectional area; CVP, central venous pressure; IJV, internal jugular vein; IVC, inferior vena cava; NPV, negative predictive value; PPV, positive predictive value.
